ABSTRACT. Surveys of the benthic macroinvertebrate community were conducted in the main basin of
INTRODUCTION
Benthic macroinvertebrate communities in the Great Lakes are currently undergoing broad changes that are unprecedented in both spatial extent and temporal scale. Some taxa considered to play important roles in Great Lakes ecosystems are declining in abundance, or becoming totally lost from the system (Nalepa et al. 1996 , Dermott and Kerec 1997 , Nalepa et al. 1998 , while others are increasing or have returned after decades-long absences (Kreiger * Corresponding author. E-mail: Thomas.Nalepa@noaa.gov and Ross 1993, Schloesser et al. 2000 , Haynes et al. 2005 . Evidence suggests that two factors are the primary cause of these community changes: phosphorus abatement programs initiated in the late 1970s, and the introduction and spread of Dreissena polymorpha (zebra mussel) and Dreissena bugensis (quagga mussel) in the late 1980s. Less phosphorus leads to decreased pelagic productivity and less organic material settling to the benthic region. Consequently, most major macroinvertebrate taxa may be expected to decrease since, in deep lake systems, these taxa are dependent on settled organic material 422 Nalepa et al.
as a source of food (Saether 1980) . The benthic community has also been greatly affected by the establishment and spread of Dreissena. Through their filtering activities, dreissenids alter food pathways and serve as competitors to other benthic taxa for settling organic material. In addition, Dreissena beds increase structural complexity of the substrate, enhancing the retention of mussel biodeposits that can be used as a food resource, and providing some species refuge from fish predation (Gonzalez and Downing 1999, Bailley and MacIsaac 2000) . Overall, responses to Dreissena are complex and varied, depending upon the particular habitat and taxa (Strayer and Smith 2001, Nalepa et al. 2003) , and also upon the time period since initial colonization (Haynes et al. 2005) .
In terms of assessing long-term trends in the macroinvertebrate community, Lake Huron has been the least studied of all the Great Lakes. While recent trends have been documented in Saginaw Bay (Nalepa et al. 2003) , in South Bay located on the northeast shoreline (McNickel et al. 2006) , and in the shallow, nearshore zone (< 2 m) (Barton 2004) , trends in the open waters of the main basin, Georgian Bay, and North Channel remain largely unknown. Several benthic surveys were conducted in these areas in the early 1970s (Schelske and Roth 1973 , Shrivastava 1974 , Loveridge and Cook 1976 ; Great Lakes Research Division [GLRD]-University of Michigan, unpublished data), but no wide-scale surveys have been conducted since this time period.
In this paper, we present results of surveys conducted in the main basin of Lake Huron in and 2003 , and in Georgian Bay and North Channel in 2002 . We assess long-term trends by comparing our results to results of surveys conducted in the 1960s and early 1970s. Of particular interest were trends in the benthic amphipod Diporeia. This organism has declined in Lakes Michigan, Erie, and Ontario, and is now absent from large areas of these lakes (Nalepa et al. 2006a ). Diporeia plays a major role in the cycling of energy between lower and upper trophic levels (Gardner et al. 1990) , and the decline of this organism has affected many fish species, including lake whitefish, alewife, and sculpin (Hondorp et al. 2005 , Madenjian et al. 2006 .
METHODS

Recent Surveys
In the main basin, samples were collected at 65 sites in July/August 2000, and at 85 sites in July/August 2003, while in Georgian Bay and North Channel samples were collected at 15 and 13 sites, respectively, in August 2002 (Fig. 1) . In addition, samples were also collected at five sites along a depth gradient (20 m, 40 m, 60 m, 80 m, and 93 m) off Cape Rich in southern Georgian Bay (Fig.  1) . These Cape Rich sites were sampled yearly in late summer 2000-2004 by the Ontario Ministry of Natural Resources as part of their monitoring program.
Except for sites sampled off Cape Rich, triplicate samples were taken at each site with a Ponar grab (area = 0.047 m 2 ) and then washed into an elutriation device fitted with a nitex sleeve having 0.5-mm openings. Retained material was immediately preserved in 5% buffered formalin containing rose bengal stain. Duplicate samples were taken at the Cape Rich sites with a Ponar grab and washed through a 0.50-mm mesh screen.
Besides the 85 sites sampled in the main basin in 2003, an additional 23 sites were sampled in the northeastern portion of the lake at depths < 35 m. These samples were taken and provided to us by the National Water Research Institute, Canada. The samples were collected in duplicate with a Ponar grab and washed through a screen with 0.5 mm mesh openings. Only Diporeia and Dreissena were counted in these samples. These additional data were used to better define spatial distributions in 2003, but were excluded from any statistical analysis when examining temporal trends.
In the laboratory, retained residue was placed in a white enamel pan and organisms were picked, counted, and sorted into major taxonomic groups (Amphipoda, Oligochaeta, Chironomidae, Dreissena, Sphaeriidae, and other) under a low-power magnifier lamp (1.5 x). All organisms collected in the main basin in 2000, and in Georgian Bay/North Channel in 2002, were identified to the lowest practical taxonomic level. For oligochaetes, between 75 and 100 individuals in a replicate (proportionately split with a Folsom plankton splitter when numbers were high) were cleared in lacto-nophenol before identification. Only oligochaetes with a prostomium were included in abundance estimates. In 2003, oligochaetes and chironomids were not identified beyond the group level. Since oligochaete fragments (without prostomium) can only be recognized during the process of species identification and not when counted and sorted, the total number of oligochaetes at each site in 2003 was corrected based on the mean proportion of fragments found at the same site in 2000 (see Nalepa et al. 1998) . For the 20 sites sampled in 2003 and not in 2000, a mean proportion for all sites in the same depth interval was used as the oligochaete correction factor. A similar by-depth correction was applied to the Cape Rich samples. The number of each species found in each replicate at all the sites sampled in the 2000-2003 surveys, along with site coordinates, are given in Nalepa et al. (2007) .
Historic Comparisons
To assess long term changes in the main basin, we compared our 2000-2003 data to data reported in three separate surveys conducted in the early 1970s. In July 1970, Schelske and Roth (1973) took single samples at 19 sites on the west side of the lake with a Ponar grab and washed the samples through a screen with 0.760-mm openings. Based on proximate location and depth, we matched eight of the sites sampled in 2000 to sites sampled in 1970, and densities at only these sites were compared. Another survey was conducted in the main basin in April-June 1971 (Shrivastava 1974 . Single samples were collected at 52 sites throughout the lake with a Ponar grab and washed through a screen with 0.5-mm openings. Lastly, in early September 1972 a survey was conducted at 50 sites on the west side of the lake by the Great Lakes Research The sites were located on the west side of the lake along eight transects (Fig. 1) . Organisms collected in 1972 were identified to the species level, and abundances were available on a per replicate basis. Basic data (taxa abundance per replicate) and site coordinates for the 1972 survey are given in Nalepa et al. (2007) . Trends in Georgian Bay/North Channel were examined by comparing 2002 data to data reported in a 1973 survey by Loveridge and Cook (1976) . A large number of sites was sampled in 1973, and all sites sampled in 2002 were matched, though not exactly, to 1973 sites by depth and location. In the 1973 survey, one replicate sample per site was taken with a Ponar grab, and washed through a screen with 0.1 mm openings. In the laboratory, samples were further washed through a 0.1 mm screen using a bubble-flow elutriator. Organisms were picked and sorted using a low-power dissecting microscope and identified to the lowest practical taxonomic level. Although these methods differed from ours, no other early data were available for Georgian Bay/North Channel.
Finally, 2003 densities were compared to densities found in a lake-wide survey in 1963 -1964 (Barton 1986 ). Samples in 1963-1964 were collected with a Franklin-Anderson grab and washed through a 0.5-0.6 mm screen. This grab is effective in hard substrates (sand), but grossly underestimates all benthic groups in soft substrates (mud, silt) (Flannagan 1970) . Thus, 1963 Thus, -1964 densities were likely accurate in shallow areas (sand-dominated), but were severely underestimated in deep regions (silt-dominated) (Barton 1986) . A single grab sample was taken at each of up to 61 sites on 13 sampling dates in [1963] [1964] ; not all sites were sampled on each date.
Before data were compared, sites were divided into four depth intervals: 18-30 m, 31-50 m, 51-90 m, and > 90 m. These depth intervals are consistent with prior characterization of depth-macroinvertebrate associations in the Great Lakes (Nalepa 1987) . The exception was the matched 1970 and 2000 sites, which were divided into 18-32 m and 50-60 m intervals. Since the 2000 and 2003 surveys did not sample at any sites < 18 m, nor at any sites in inner Saginaw Bay, similar sites in the historic surveys were not included in the analysis. Density differences between most yearly comparisons (1971 vs. 2000, 1972 vs. 2000, 1973 vs. 2002, 2000 vs. 2003) for the major taxonomic groups were tested using a two-way ANOVA (year x interval) after ln +1 transformation to homogenize variances. Some taxonomic groups did not meet the parametric assumption of variance homogeneity but, as noted by McNickle et al. (2006) , ANOVA is a robust test, and large departures from parametric assumptions have little impact on outcomes. Station means were treated as the source of variation within intervals. Differences between 1970 Differences between and 2000 Differences between , and between 1963 Differences between -1964 Differences between and 2003 were tested using paired t-test and t-test, respectively, after ln +1 transformation. Unequal variances were assumed (SYSTAT 11.0) . For the comparison between 1963-1964 and 2003 only sites in the 18-30 m interval were considered since, as noted, densities at deeper depths in 1963 -1964 were underestimated. Station means in 1963 -1964 were determined from sampling dates and then treated as the source of variation within the interval.
Changes in oligochaete community structure were examined using the oligochaete trophic index (Howmiller and Scott 1977) as modified by Milbrink (1983) . The index is determined by placing species (excluding Naididae and Enchytraidae) into four categories based on its relative tolerance to organic enrichment. Values of each category range from 0 (intolerant of enrichment; found mostly in oligotrophic conditions) to 3 (tolerant of enrichment; found in highly eutrophic conditions). The assigned category of each species follows that of Milbrink (1983) and Lauritsen et al. (1985) . To obtain the index, the number of individuals in each category is multiplied by the category value (species in category 0 are assigned a value of 0.5). The products are then summed and divided by the total number of individuals in all categories. We did not apply a density factor to the index as did Milbrink (1983) . Between-year differences in relative frequencies within each category were tested using the G-test (log-likelihood ratio).
RESULTS
Main Basin: 1970, 1971, and 1972 vs. 2000
Systematic comparisons between densities in 2000 and the three 1970s surveys gave markedly different results. For the eight matched sites in 1970 and 2000, there were no significant differences (paired t-test; P > 0.05) for the four major taxa (Diporeia, Oligochaeta, Sphaeriidae, and Chironomidae) at each depth interval (Table 1 ). In contrast, densities of all the major taxa except Diporeia were significantly higher (P < 0.05) in 2000 when compared to densities reported in the 1971 survey (Table 2) . Year x interval interactions were not significant (P > 0.05), indicating these density differences occurred across all depth intervals. Mean densities of the four major taxa in 2000 were either similar to or greater than mean densities reported in 1971 at each interval (Table 2) . On the other hand, when densities in 2000 were compared to densities reported in the 1972 survey, densities of each of the major taxa except Chironomidae were significantly lower in 2000 compared to 1972 (P < 0.05) ( Table  3) . Overall declines were 78.4%, 57.1%, 74.2%, and 29.8% for each taxon, respectively. The year × depth-interval interaction was significant only for Diporeia and Chironomidae (P < 0.05); these two taxa declined to the greatest extent in the shallowest depth interval (< 30 m).
Like our 2000 survey, organisms in the 1972 survey were identified to species, and there was a difference in species composition of the oligochaete community between years. The frequency of individuals in each of the four trophic categories (relative to the total in all categories) was significantly different at the < 30 m and 31-50 m intervals (GTest; P < 0.05) ( Table 4 ). The density and relative proportion of Type 0 individuals, basically all Stylodrius heringianus (97.8%), were lower in 2000 compared to 1972, while the relative proportion of Type 1 individuals was higher. Of Type 1 individuals, the only species that increased to any extent was Potamothrix vejdovskyi. As a result, the oligochaete trophic index increased from 0.86 to 0.99 at the < 30 m interval, and from 0.57 to 0.71 at the 31-50 m interval.
Relatively minor changes occurred in the chironomid community between 1972 and 2000. The dominant chironomids in 1972 were Heterotrissocladius oliveri and Micropsectra sp. in the < 30 m and 31-50 m intervals (together 72% of all chironomids at each interval), while H. oliveri was dominant in the 51-90 m interval (93%). In comparison, the dominant taxa in the < 30 m interval in 2000 were Parcladopelma winnelli (59%) and Heterotrissocladius changi (38%), and the dominant taxa in the 31-50 m interval remained H. oliveri and Micropsectra sp. (67% together). Also, H. oliveri remained dominant at the 51-90 m interval (99%). All the species mentioned above are considered to be oligotrophic indicators (Winnell and White 1985) .
Main Basin: 2000 vs. 2003
Densities of the four major taxa were each significantly lower (P < 0.05) in 2003 compared to 2000, and year x interval interactions were not significant (P > 0.05) ( Table 5 , Fig. 2 ). Overall, declines were greatest for Diporeia and Sphaeriidae, with lakewide declines of 57% and 74% over the 3-year Fig. 3 ). The mean lakewide density of D. bugensis was < 1 ± < 1/m 2 in 2000, but increased to 560 ± 253/m 2 in 2003, and this difference was significant (F [1.143] = 20.18, P < 0.001). The year x interval interaction was also significant (F [3, 143] = 4.11, P = 0.009) as the greatest increase occurred at the 31-50 m interval. On the other hand, densities of D. polymorpha in 2003 were not significantly different from densities in 2000 (F [1, 143] = 0.54, P = 0.47).
Main Basin: 1963-1964 vs. 2003
Mean densities (± SE) of Diporeia, Oligochaeta, Sphaeriidae, and Chironomidae at sites in the 18-30 m interval (n = 11) in 1963-1964 were 818 ± 256/m 2 , 577 ± 161/m 2 , 192 ± 87/m 2 , and 87 ± 21/m 2 , respectively. When densities in 1963-1964 and 2003 were compared, densities of Diporeia and Sphaeriidae in 2003 were significantly lower (t [11, 17] = 5.03, P = < 0.001 and t [11, 17] = 2.58, P = 0.018) than in 1963-1964, whereas densities of Oligochaeta and Chironomidae were significantly higher (t [11, 17] = 2.23, P = 0.045 and t [11, 17] = 2.38, P = 0.030). (Table  7) . Over the 4-year time period, the former two taxa declined, while the latter increased. For Diporeia, density exceeded 1,000/m 2 at four of the five sites in 2000, but was 0/m 2 at all sites by 2004.
Georgian Bay and North
DISCUSSION
In the main basin, comparisons between densities in our 2000 survey and densities in surveys in the early 1970s failed to provide consistent differences. Densities of all major taxa in 2000 were either similar to, greater than, or lower than densities reported in surveys independently conducted in 1970 (Schelske and Roth 1973) , 1971 (Shrivastava 1974), and 1972 (GLRD unpublished), respectively. These inconsistencies are directly related to the dramatic differences in densities reported in these three earlier surveys (Fig. 4) ers have also noted that densities reported in this survey were atypically low Johnson 1974, Barton 1986 ). Total densities in 1971 were even lower than densities reported in a 1950s survey in Lake Huron by Teter (1960) . Teter used a Peterson grab, a sampling device that underestimates some major benthic taxa by 2-4 times compared to the Ponar (Nalepa et al. 2002) . One theory for low densities in the 1971 survey argues that, by sampling only in the spring, the survey missed young Diporeia because these small, spring-hatched individuals might pass through the mesh size used (Cook and Johnson 1974) . Regardless, vast differences in the three surveys conducted in Lake Huron in the early 1970s illustrate the difficulties when comparing densities from one-year surveys conducted by different entities separated by a long period of time (Barton 1989 ). Yet despite these inconsistencies, we suggest that comparative differences between the 1972 survey and 2000 best represent benthic trends in the lake over this period of time. Collection methods in the two surveys were exactly the same (three replicates per site using the same sampler type and mesh size), stations were at the same locations, and sampling was conducted about the same time of year (August-September).
The time between the 1960s and late 1970s/early 1980s was a period of marked increases in benthic densities in the Great Lakes McNeil 1986, Nalepa 1987) . Nutrient loads had increased for several decades, productivity was at a peak, and benthic populations had not yet fully responded to nutrient abatement programs initiated in the late1970s. Fully aware of the shortcomings of previous surveys and excluding the problematic 1971 survey, total densities at all sites sampled in Lake Huron at the shallowest depth interval were 1,674/m 2 in 1963-1964, 2,213/m 2 in 1970 (likely an underestimate), and 5,902/m 2 in 1972. This is a 3.5-fold increase in 9 years. For perspective, we compared density trends in Lake Huron to those in Lake Michigan over the same general time period. In Lake Michigan, densities increased from 4,400/m 2 in 1964-1966 to 16,400/m 2 in 1980-1981 at the 18-30 m interval (Nalepa 1987) . When calculated on an annual basis, the rate of change was generally similar in the two lakes; the increase in total density was 0.39 fold per year in Lake Huron compared to 0.26 fold per year in Lake Michigan. Considering that the 1980-1981 sampling date in Lake Michigan was just after phosphorus abatement and the 1972 sampling date in Lake Huron was just before, rates of change in the two lakes would probably be even more similar if sampling dates matched more closely.
Phosphorus loads in Lake Huron declined from 5.1 million kg/year in 1978 to below target levels of 4.3 million kg/year in 1981, and have generally remained below these levels ever since (Beeton et al. 1999) . Phytoplankton biomass also generally declined (Dobiesz et al. 2005) . Because there were no surveys conducted in the main basin in the period between when loads declined and when Dreissena became established, it is not possible to differentiate the relative influences of these two events on apparent trends between 1972 and 2000. After abatement but before Dreissena in Lake Michigan, densities of Diporeia, Oligochaeta, and Sphaeriidae declined at a rate of 2.6% to 8.2% per year at sites 18-30 m, and 0.7% to 2.9% per year at sites 31-50 m (Nalepa et al. 1998) . Declines were minimal at depths > 50 m. We can only speculate on what the benthic response to abatement was in Lake Huron, but rates and depth-specific decline patterns were probably similar to those in Lake Michigan. Although densities of the four major taxa apparently declined in the main basin, similar declines were not evident in Georgian Bay and North Channel. Densities of all four taxa in 2002 were similar to densities found in 1973 despite the use of a much finer screen size (0.1 mm) in the earlier survey that would have retained more organisms than the 0.5 mm size used in 2002. The lack of density differences suggests that increased productivity resulting from nutrient enrichment was not an issue in either area over the period, or perhaps productivity increased but then declined to 1973 levels by 2002. Regardless, recent changes in the southern portion of Georgian Bay (off Cape Rich) such as the loss of Diporeia and Sphaeriidae can likely be attributed to Dreissena. Interestingly, although declines in these taxa were clearly evident by 2002 at the Cape Rich sites, similar declines were not evident at sites sampled over the entire bay in the wider survey of 2002. Possibly, this difference may be related to greater densities of Dreissena found at the Cape In a study of benthic community changes between 1980-81 and 2002-2003 in South Bay, Lake Huron, all major taxa except oligochaetes declined (McNickel et al. 2006) . Oligochaetes actually increased, and this increase was attributed to the availability of dreissenid biodeposits as a food source. In other studies, the response of oligochaetes to the presence of dreissenids has varied, with both increases (Howell et al. 1996 , Botts et al. 1996 , Bailley and MacIsaac 2000 and decreases , Strayer and Smith 2001 , Nalepa et al. 2003 reported. It is apparent that response in oligochaetes is variable and more a function of spatial scale. In general, positive responses are local and confined to areas in close proximity to mussel beds, whereas negative responses are more system-wide and a function of resource diversion by the mussels. In inner Saginaw Bay, oligochaetes did not decline in shallow areas of the bay where Dreissena was present, but did decline in deeper areas where Dreissena was absent (Nalepa et al. 2003) . Similarly, in the main basin between 2000 and 2003, oligochaete densities were the same or higher in the nearshore (< 50 m) where Dreissena was most abundant, but were lower in the offshore where Dreissena was rare. This pattern is consistent with the nearhore "shunt" hypothesis which states that Dreissena, through filtering and biodeposition, retains nutrients and organic material in nearshore areas while diverting resources from offshore areas (Hecky et al. 2004 ). As infaunal detritivores, oligocheates are the benthic group most likely to reflect these resource shifts. McNickle et al. (2006) suggested that positive impacts of dreissenids on oligochaetes can best be detected where phosphorus levels/organic enrichment are not strongly influenced by anthropogenic sources, such as in their South Bay study area. We found that in areas like inner Saginaw Bay or the main basin where anthropogenic sources were present, oligochaetes did not increase, but were less prone to decline compared to other taxa. The Cape Rich sites were not likely influenced by anthropogenic sources, but oligochaete densities were highly variable and trends over the 4-year period in this limited area were not apparent. With dreissenids now expanding in Georgian Bay, further sampling throughout the bay may provide further insights into oligochaete response patterns.
Species composition of the oligochaete community changes predictably with nutrient abatement as eutrophic and mesotrophic species become less dominant, and oligotrophic species increase McNeil 1986, Nalepa et al. 1998) . Seemingly inconsistent with the premise that nutrient abatement played some role in decreased oligochaete densities in the main basin between 1972 and 2000 was the observed shift in species composition. A lower proportion of oligotrophic indicator species and a higher proportion of mesotrophic indicator species suggests nutrient abatement had little or no effect. The paradox of having a decrease in densities along with a shift to species less indicative of oligotrophic conditions may possibly be explained by the response of species considered to be oligotrophic indicators such as Stylodrilus heringinanus. When nutrients increase in oligotrophic systems, these species can initially increase in abundance relative to other indicator species, leading to a decrease in index values (Milbrink 1983) . Logically then, densities of oligotrophic species will decrease relative to other indicator species when nutrient abatement occurs. As evidence, S. heringianus decreased to a greater extent than most other indicator species in the main basin between 1972 and 2000. Yet as evidenced in Georgian Bay and North Channel, a shift to more mesotrophic species can apparently occur with no change in density.
As noted, phosphorus loads in Lake Huron have generally remained below target levels since the early 1980s, yet all the major taxa declined significantly between 2000 and 2003. We suggest that these changes were likely related to the introduction and expansion of dreissenids. Declines in the main basin and at the Cape Rich sites were most pronounced for Diporeia and Sphaeriidae, and other studies in the Great Lakes have shown that these taxa are highly impacted by Dreissena (Dermott and Kerec 1997 , Nalepa et al. 1998 , Lauer and McComish 2001 . Whereas Diporeia was already gone or rare in many areas (i.e., southern end of the lake) when our sampling was initiated in 2000, declines likely paralleled the spread of Dreissena. The decline of Diporeia in outer Saginaw Bay was welldocumented and occurred in the mid-1990s, just a few years after Dreissena became established (Nalepa et al. 2003) . This close temporal relationship between Diporeia declines and dreissenid expansion is typical for other regions of the Great Lakes (Nalepa et al. 2006a) . Based on distributions of the two taxa, the negative response of Diporeia to Dreissena in Lake Huron was far-reaching. For instance, Diporeia was least abundant in the southern end of the lake in 2000, and yet Dreissena was rare or absent in this portion of the lake, at least at the sites sampled. 
Nalepa et al. Nalepa et al. 2006b ). The remote influence of Dreissena on Diporeia was very evident at the Cape Rich sites and contrasted to the depth-progressive decline observed in the main basin. Over the 5-year sampling period, decline rates at the shallowest (20 m) and deepest (92 m) sites off Cape Rich were the same despite Dreissena being present only at the former depth. While the loss of Diporeia typically occurred in areas far-removed from Dreissena, the continued presence of Diporeia in some areas seemed to correspond to the relative absence of Dreissena. For instance, in 2003 Diporeia was present at depths < 50 m only in the northeast portion of the lake, and this was the only lake area where Dreissena was rare. This inconsistent spatial pattern between abundances of Diporeia and Dreissena in Lake Huron was similar to that found in Lake
Michigan where the loss of Diporeia was closely associated with the presence/increase of Dreissena at some locations but not at others (Nalepa et al. 2006b) . A lake wide survey of Diporeia and Dreissena was conducted in Lake Michigan in 2000 (Nalepa et al. 2006b ), the same year as our Lake Huron survey. When densities of Diporeia in the two lakes were compared, densities in Lake Michigan were 2.8, 1.9, 1.6, and 1.3 times greater than densities in Lake Huron at the 18-30 m, 31-50 m, 51-90 m, and > 90 m intervals, respectively (Fig. 5) . When the same comparison was made for Diporeia in the mid-1960s at the shallowest interval, densities were 2.6 times greater in Lake Michigan. The ratio in the two lakes has thus apparently not changed between the mid-1960s and 2000, indicating declines in Di- poreia appear to be similar in the two lakes despite far lower densities of Dreissena in Lake Huron (Fig. 5) . Densities of D. polymorpha were stable in the main basin between our two sampling periods, but densities of D. bugensis increased, particularly in the 31-50 m depth interval. D. bugensis was first found in Lake Huron in the Straits of Mackinac region in 1997 (Nalepa et al. 2001) . Over time, we expect D. bugensis to continue to increase in deeper regions (> 50 m), and also to replace D. polymorpha in shallow regions (< 50 m), as it has done in Lake Ontario (Mills et al. 1999) . As the D. bugensis population continues to expand, we also expect that Diporeia and other major taxa will continue to decline. A functional food web shift from Diporeia to Dreissena will have strong consequences to other components of the Lake Huron food web, particularly fish species that rely on Diporeia as a major source of food. Because of the continued loss of Diporeia, lake whitefish in Lake Huron have switched to other diet items such as Dreissena, zooplankton, and chironomids (Pothoven and Nalepa 2006) . These other food items have a lower energy density than Diporeia and, as a consequence, energy intake of lake whitefish was estimated to be less than onehalf the intake prior to Diporeia's decline (McNickle et al. 2006) . Growth and condition of whitefish in Lake Huron have decreased, similar to decreases noted in the other Great Lakes where Diporeia have disappeared . Further, alewife populations in Lake Huron have recently collapsed (Roseman et al. 2006) and, while exact reasons are still unclear, the collapse was temporally coincident with the loss of Diporeia and the expansion of D. bugensis. In Lake Michigan, declines in abundance and/or energy density of alewife have been linked to the decline of Diporeia (Hondorp et al. 2005 , Madenjian et al. 2006 . Integrated monitoring of all food web components including the benthic macroinvertebrate community will provide further insights into the changing nature of the Lake Huron ecosystem.
